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Tire  REAERAHSEMENT  OF  THE  TAUTOBIERIC  SALTS  OP  1 ,4  ,-DIPHEITfL 
-5-THIONURAZOLE  AM)   1 ,4.-DI^HElTYL-6-THI0LTTRAZ0LE. 

The  study  of  the  reactions  of  tautoraeric  compounds  in 
which  the  equilibrium  between  the  two  tautomeric  forms  is  es- 
tablfehed  very  rapidly  In  comparison  with  the  velocity  of  the 
reaction  in  question  has  erlven  results  which  conform  very  well 
with  the  ideas  advanced  by  Acree  and  his  coworkers!^'   The  study 
of  the  same  phenomena  in  cases  in  which  the  equilibrium  between 
the  two  tautomeric  forms  is  established  at  a  rate  comparable 

with  the  velocity  of  the  reaction  has  also  been  studied  by 

(2) 
Nirdllnger  and  Acree,    and  the  theory  here  also  seems  to  ap- 
ply as  well.  The  work  previous  to  that  of  llirdlinger  was  done 
on  a  purely  qualitative  basis  and  no  attempt  was  made  to  study 
quantitatively  the  rearrangements  of  acids  or  salts,  or  of  the 
alkylatlon  products  obtained  from  the  salts  or  acids,  of  of 
the  alkylatlon  products  of  a  mixture  of  acids  or  salts  of  any 
two  tautomers. 

Among  the  earliest  observations  of  compounds  showing 

dynamic  isomerism  were  acetyl  dibenzoyl  methane,  tribenzoyl 

fS) 
methane  and  mesltyl  oxide  oxalic  ester^  discovered  by  Clalsen. 

He  obtained  the  first  two  compounds  by  the  interaction  of  the 

sodium  salt^  of  benzoyl  acetyl  methane  C.HgCOCHgCOCHg  (Jn^benzoyl 

0)  ^^^^^c  (M^cc^^^  L^c^^  ^^A  7';  fX  ^'  -^.^  '^^/   ^^/  ''^^• 


chloride;  the  third  compound  was  obtained  from  the  condensa- 
tion  of  mesityl  oxide  and  oxalic  aoi^  in  the  presence  of  so- 
dixun  ethylate.   The  formulae  which  represent   the  enol  and 
keto  forms,  as  given  by  Claisen^are: 

^  ^   ^  -  -         \     ^  ^ 


The  compounds  obtained  by  precipitating  the  substances 
from  the  cold  solutions  of  sodium  carbonate  with  acetic  acid 
were  represented  as  possessing  the  enol  form,   tfe-  dissolve 
in  alkalies  impart ing  a  yellow  color  to  the  solution,  yield  a 
crystalline  copper  salt  and  give  immediately  a  red  coloration 
with  alcoholic  ferric  chloride  solution.  Heat  converts  tfe•z^^^ 
into  the  keto  form  which  is  not  dissolved  by  sodium  carbon- 
ate, arives  no  red  color  with  ferric  chloride  solution  imme- 
diately, and  yields  no  salt  with  copper  acetate.  That  form 
which  gives  metallic  salts  readily  was  considered  to  possess  the 
enol  structure ;^the  other  was  p-iven  the  keto  structure.  Clalsen 


observed  that  the  equlllbrltim  between  the  two  compotinds.  I.e., 
the  ratio  of  enol  and  keto  forms  In  the  same  solution, was  af- 
fected by  the  solvent  used  and  by  the  temperature.   He  found  that 
the  transformation  of  enol  to  keto  form   could  not  be  ef- 
fected by  benzene  or  llgroin.   Boiling  alcohol  acted  on  the 
enol  form  converting  one  third  of  It  Into  the  keto  form,<wJ^ 
dilute  alcohol  increased  this  conversion. 

Wiscleoenxis'|[  work  on  formyl-phenyl-aGetic  ester  gave 
similar  results.      In  certain  solutions  equilibrium  is 
reached  between  the  two  forme  present  and  this  equilibrium 
is  directly  dependent  on  three  factors,  namely,  the  tempera- 
ture, concentration  and  the  nature  of  the  solvent  used.  Wis- 
Jftldcenus  brought  out  the  fact  that  the  interconversion  of  such 
compounds  as  thesei/,c.,of  the  keto  form  to  the  enol  form^  amounts 

to  nothing  more  than  *=©■  a  reversible  reaction.   The  work  of 

(E) 
Michael    on  the  rearrangement  and  equilibrium  of  tautomeric 

acids  should  also  be  mentioned. 

The  difficulties  Involved  In  this  work  on  the  rearrange- 
ments of  the  thiourazoles  can  be  seen  from  the  following  consid- 
erations, which  have  already  been  discussed  in  previous  artl- 

(3) 
cles. 
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0   represents  the  original  conoentration  of  the  keto  form, 
C4  that  of  the  enol  form,  C^  the  amount  of  keto  salt  trans- 
formed Into  enol,  Cg  the  concentration  of  the  keto  ester,  and 
C3  the  concentration  of  the  enol  ester.   If  we  have  an  equlmolec- 
ular  amount  of  methyl  iodide  added  to  a  solution  containing  a 
mixture  of  the  two  salts,  we  "'should  have  the  following  reactions 
taking  place : 

fa)  Sodium  keto  salt  ^   "^  sodium  enol  salt. 

fb)  Sodium  enol  salt  and  methyl  iodide  >  methyl  enol 

ester  and  sodium  iodide. 

fc)  Sodium  keto  salt  and  methyl  iodide  ^  methyl  keto 

ester  and  sodium  iodide. 

These  would  he  represented  by  the  differential  equations: 


tt^ 


^4  .  /r^^^^. -^?-sy  ^^-^^-^.-^; 

In  these   equations  K   is  the  velocity  constant    for  the 


change  of  the  ^keto  salt  Into  the  enol  salt,  K-j^  the  constant 
for  the  reverse  rearrangement.  Kg  that  for  the  formation  of 
the  keto  ester,  and  K^  that  for  the  formation  of  the  enol  es- 
ter.  The  question  whether  the  rearrangement  and  alkylatlon 
reactions  of  the  two  tautomeric  compounds  is  molecular  or  ionic, 
or  hoth  m< 
equations. 

The  possihlllty  that  the  rearraneiement  is  due  to  the 
union  of  ions  in  the  solution  with  the  molecular  forms  of  the 
salt  or  to  other  complex  reactions  must  also  he  considered. 
This  work  and  that  previously  undertaken  by  Nirdlinger  and 
Acres 


salt  is  a  reversible  monomolecular  reaction.   These  workers 
have  suggested  how  evidence  on  the  question  of  abnormal  hy- 
drolysis in  concentrated  solution  could  be  obtained  by  a 
study  of  the  slow  attainment  of  equilibrium  between  the  two 
forms  of  this  weakly  acid  tautomeric  substance. 

While  working  on  the  various  reactions  of  the  thio- 
ls) 
semicarbazia^s,  Markwald    subjected  these  substances  to  the 

action  of  phosgene  and  found  that  the  resulting  compounds  pos- 
sessed a  certain  similarity  to  the  semlcarbazidl^  and  seemed 
to  be  tautomeric.   He  therefore  assiemed  the  following  formu- 
lae to  these  compounds. which  clearly  show  their  relationship: 


From  the  method   of  synthesis  he  was   led  to  believe  that   the 
only  other  possibility  would   be   expressed  by  the   fornrala 

This  substance  however  would   show  basic  properties, 
while  in  reality  the   cne  found     had  acid  properties.      If  the 
substance  represented  by  formula  I  were  alkylated   it   should 
give  a  sulphur   ester,  while  that   represented  by  formula  II 
should   certainly  give  a  nitrogen   ester  provided  no  rear- 
rangement took  place  during  the  alkylation. 

In  1906  Busch  and  Relnhardt   took  up  the   study   of 

these  compounds  and  arrived  at     the  concluslot  that   both 
the   sodium  l,4-dlphenyl-5-thionurazole,    and  1,4-diphenyl- 
-5-thiolurazole  reacted  with  methyl   iodide  at   100°  to   form 
the  l,4-diphenyl-5-thiolmethyl  ester.      This  substance  when 
saponified  with  potassium  hydroxide  yielded  the  potassium 
salt   of  the  1.4-diphenylurazole  and  methyl  mercaptan.      The 
course   of  the  reaction  according  to  Busch   is: 


G-)      <5-^'     ^--^    -H(^^-/,r 


Tick 


<i^^ 


Busch  assumeel  fb)   to  be  the  reactive  substance;   no  action 
would  therefore  take  place  with  methyl   Icdlde  until  sodium 
l,4-dlphenyl-5-thionurazole  was  converted   Into  sodium 
l,4-dlphenyl-5-thiolura2ole.      At   this  stage  Bueoh  left  the 

work  and  It  was  subsequently  taken  up  by  Nirdlinger  and 

(1) 
Acree. 

It  was  indeed  found  that  the  sodium  salt  of  1,4-diphenyl- 
5-thiolurazole  was  the  more  active  of  the  two  tautomeric 
forms  but  the  sodium  salt  of  the  1 ,4-dlphenyl-5-thlonura2ole 
is  also  capable  of  forming  an  ester  when  alkylated  with  methyl 
iodide.   It  was  then  shown  that  the  solium  salt  of  1,4-diphenyl- 
5-thionurazole  yields  l,4-diphenyl-5-thionmethyl  ester  and 
that  the  sodium  1 ,4-diphenyl-5-thiolurazole  yields  1,4-di- 
phenyl-5-thlolmethyl  ester,  that  the  l,4-dlphenyl-5-thlon- 
urazole  and  also  the  sodium  salt  of  l,4-dlphenyl-5-thlon- 
urazole  could  be  converted  into  l,4-dlphenyl-5-thlolurazole 
and  the  sodium  1 ,4-diphenyl-5-thlolurazole.   The  study  of  the 
rearrangement  of  the  sodium  salt  of  l,4-dlphenyl-5-thlon- 
urazole  Into  the  sodium  salt  of  l,4-dlphenyl-5-thiolurazole 
and  the  reverse  reaction  brought  out  the  fact  that  the  so- 
dium l,4-dlphenyl-5-thlolurazole  rearranged  about  nine  times 


f/J   ^^v^^^-s^*^  (Me-^z^^^^  C.  Ih'Co^^^^^  >^^   >  ^y 


as  fast   as   the  sodium  l,4-diphenyl-5-thiomirazole  under  the 
same  cocditlons.      Busch^       who  Gondticted  his  work  idMliw,quall- 
tative  methods;  affirmed  the  correctness   of  the  view  held 
by  Mrdlinger  and  Acree  regarding  the   structure  of  the  tauto- 
meric  compounds  and   the   esters   obtained. 

In  determining  the  ratio  of  l,4-dlphenyl-5-thlonura2ole 
to  1 ,4-dlphenyl-5-thlolurazole   in  a  mixture, the    salts  were 
alkylated   and  the  ratio   of  esters  was  used   to   express  the 
amount   of  each  form  present   in  the  original  mixture.    Since 
the  rearrangement   of  one  salt   into  the  other  is  slow,    in 
comparison  with  the  rate  of  alkylatlon  in  a  neutral   solution, 
this   is  permlssible.lt   was   found  by     Markwald  and  Eusch  and 
also  by  ITlrdllnger  and  Acree  that   in  slightly  acid  alcohol- 
ic  solutions  the  1 ,4-dlphenyl-5-thionurazole  rapidly  rear- 
ranged to   form  the  l,4-diphenyl-5-thiolura20le.      Since  the 
alkylations  were  effected  by  equlmolecular  amounts  of  sodium 
hydroxide  and  l,4-dlphenyl-5-thionura2ole  to   form  the   soditim 
salt   of  l,4-dlphenyl-5-thlonurazole, the   solution  at  the  be- 
ginning of  the  reaction  was  neutral.      During  the  alkylatlon^ 
however^ the  hydrlodlc  acid  formed  from  the  hydrolysis  of  the 
methyl   iodide  reacted  with  the   sodium  l,4-dlphenyl-5-thion- 
urazole  to  form  l,4-dlphenyl-5-thlonurazole  and  sodium  iodide. 
In  the  alcoholic   solution  the  l,4-diphenyl-6-thionurazole 
rearranged   into   l,4-dlphenyl-5-thlolurazole.      The  1,4-diphenyl- 


5-thlolurazole,  beiEg  the  stronger  acid, formed  the   sodium 
salt   of  1 ,4-dipheiiyl-5-thiolurazole,  at   the  same  time  lib- 
erating l,4-diphenyl-5-thiontirazole  which  then  rearranged. 
The  results  obtained  from  alkylations  conducted  by  means  of 
methyl  iodide  in  alcoholic   solution  on  the   sodium  1,4-di- 
phenyl-5-thionurazole  must  necessarily  show  a  higher  per 
cent   of  sodium  l,4-diphenyl-5-thiolurazole,    if  the  ratio  of 
esters   is  used  to   determine  the  ratio   of  sodium  1,4-diphenyl- 
5-thionurazole  and   sodium  l,4-diphenyl-5-thiolurazole   in  the 
original  compound.      The  following  reactions  will  help  to 
this  clear: 


^g'^ 


/'^!'a-'^^^^'t'e^l^^^c^^'S.c.t^  Co o^   £)t3x.c^f_ 
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f 
This  then  shows  why  alkylaticns  with  methyl  iodide  in  alco- 
hol/c- solution  gave  no  pure  1 ,4-diphenyl-5-thionmethyl  ester 
from  the  pnre  sodinm  l,4-diphenyl-5-thioniirazole.   The  so- 
dium salts  of  l,4-diphenyl-5-thionurazole  and  1-4-diphenyl- 
5-thiolurazole  should  therefore  not  yield  the  theoretical 
per  cent  of  ester.   This  indeed  was  found  to  he  the  case. 

The  addition  of  a  slie^ht  excess  of  sodium  hydroxide  to 
the  alkylation  mixture  of  the  sodium  salt  of  1 ,4-diphenyl- 
5-thionura20le  showed  this  compound  to  "be  free  from  any 
thiol  form  — the  thion  ester  is  not  affected  by  potassium 
hydroxide  at  60°.   When  an  excess  of  sodium  hydroxide,  how- 
ever, was  added  to  a  mixture  of  the  sodium  l,4-diphenyl-5- 
thionurazole  and  sodium  l,4-diphenyl-5-thiolurazole  and 
this  mixture  was  alkylated  the  methyl  ester  formed  from 
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the  methyl  iodide  and  sodinm  l,4-diphenyl-5-thiolurazole 
was  partially  saponified.   The  following  may  help  to  explain 
this  reaction: 

r^M^'t'f  rWr'?-''    ?'V^-><  S'^'t'^-} 


C^J 


^  e  e  o 


The  ester  formed  in  fd)  is  not  affected  by  sodium  hy- 
droxide, hut  the  l,4-diphenyl-5-methylthiolurazole  is  very 
sensitive  to  the  action  of  sodium  hydroxide  and  is  convert- 
ed into  the  sodium  salt  of  the  1 ,4-diphenylurazole,  as  shown 
in  equation  fc).   The  methyl  iodide  can  react  further  with 
the  sodium  salt  of  1 ,4-diphenylura2ole  to  form  the  1,4-di- 
phenyl  3-or  5-methoxy  or  2-U-ester,  as  expressed  in  the  fol- 
lowing equations: 


'J^  ~v/^ 


td- 


K"^^  n^fh- 
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The  esters   I,    II  and  III  would  be  extracted  with  the 
esters  of  l,4-dlphenyl-5-thlonmethyltirazole  and  would  make 
the   estimation  of  this  ester  inaccurate.     The  per  cent   of 
the  methyl   l,4-diphenyl-5-thiolnrazole   is  therefore  low. 
The   esters  obtained  when  a  mixture   of  the   sodium  salts   is 
alkylated  with  methyl   iodide     would  be  represented  thus: 

On  alkylating  sodium  l,4-diphenyl-5-thionurazole  with 
methyl   Iodide  in  alcohol  solution  we  would  not   expect  to 
get   an  amount   of  l,4-diphenyl-5-thionmethyl   ester  equal  to 
the  original   sodium  salt  used,   but   an  ester  composed  of 
l,4-dlphenyl-5-thiolmethyl  ester  and  l,4-diphenyl-5-thion- 
methyl  ester. 

In  order  to   study  the  rearrangements  of  the   sodium 
l,4-diphenyl-5-thionurazole  by  the  ratio   of  the  methyl  es- 
ter of  each  tautomer  found^a  method  of  alkylation  muHt  be 
adopted  which  maintains  the  solution  practically  neutral  and 
prevents  the  rearrangement   of  1 ,4-diphenyl-5-thionurazole 
into  l,4-diphenyl-5-thiolurazole,  and  also  the  saponification 
of  the  l,4-diphenyl-5-thiolmethyl   ester  formed,    during  the 
alkylation.      To  secure  these  conditions  a  solution  consist- 
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ing  of  disodium  acid  phosphate  and  sodium  acid  phosphate 
in  the  proportion  of  1  part  monosodium  phosphate  to  1 
part  of  disodium  phosphate  has  been  used  successfully;  the 
details  are  discussed  in  the  experimental  portion.   By  the 
use  of  such  a  method  I  have  succeeded  in  showing  that  the 
l,4-dlphenyl-5-thlonurazole  and  its  salts  can  be  changed 
Into  l,4-diphenyl-5-thlolurazole  and  the  corresponding  salts, 
But  the  reaction  is  never  complete,  not  over  about  61.5  per 
cent  of  the  sodium  l,4-diphenyl-5-thionurazole  being  changed 
into  the  sodium  l,4-diphenyl-5-thlolurazole.  Whether  the 
reaction  is  reversible  or  whether  the  so-called  sodium 
l,4-dlphenyl-5-thionurazole  is  changed  into  an  equilibrium 
mixture  of  sodixim  l,4-dlphenyl-5-thiolurazole  and  an  isomer 
which  behaves  essentially  like  the  original  sodium  1,4-di- 
phenyl-5-thionura201e  is  not  clear  from  the  data.  For  the 
sake  of  simplicity  I  have  assumed  the  reaction  to  be  rever- 
sible and  shall  continue  the  work  in  order  to  try  in  the 
future  to  clear  up  these  uncertainties. 
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EZPERIMENTAI. 

Phenyl  Mtigtard  Oil; 

The  yield  of  phenyl  mustard  oil  made  according  to  the 
method  described  in  Gatterman's  "Praxis  des  Organischen 
Chendkers" never  exceeded  40  per  cent.   Since  the  mnstard  oil 
was  used  in  large  quantities  in  these  experiments  some  time 
was  spent  in  trying  to  ]»erf^e<s*  the  method.   It  was  found 
that  if  the  thlocarhanilid  from  which  the  mustard  oil  is 
made  hy  hydrolysis  with  concentrated  hydrochloric  acid  is 
thoroughly  dried  the  yield  can  be  doubled,  if  the  following 
directions  are  complied  with<  After  the  required  amount  of 
hydrochloric  acid  has  been  added  to  the  flask  containing 
the  thiocarbanilid  the  mixture  is  heated  until  the  phenyl 
mustard  oil  formed  separates  and  shows  its  presence  by  float- 
ing on  the  surface  of  the  liquid.   Steam  is  then  passed 
through  the  flask  until  all  mustard  oil  has  been  driven  out. 
Its  subsequent  treatment  was  the  same  as  that  given  in  % 
Gatterman's  "Praxis  des  Organischen  Chemlkers."  In 
one  case  95  per  cent  of  the  theoretical  yield  was  obtained; 
while  no  experiment  gave  a  yield  less  than  85^^.  Again,  the 
time  consumed  In  conducting  an  experiment  is  one  third  of 
that  required  by  Gatterman's  method. 

2  4-Diphenyl-5-ghiosemioarbazidei 

The  method  followed  for  the  preparation  of  this  com- 
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pound  was  that  of  Busoh  and  Holzman.    It  was  purified  "by 
reorystallization  from  boiling  benzene..   It  melted  sharply 
at  144*^,  rearranged  and  melted  again  at  212°.   It  remained 
perfectly  white,  when  left  in  contact  with  the  air.  Prom 
20  grams  of  phenylhydrazlne  15  grams  of  the  pure  semicar- 
bazidewere  obtained. 


l,4-Diphenyl-5-ghionurazole : 


The  compound  was  made  by  the  method  of  Busch  and  Reln- 

(2) 
hardt .     The  method  followed  has  already  been  described  by 

Mrdlinger  and  Acree.      It  melted  at  144°,  rearranged  and 

melted  at  220°.  The  solution  of  the  sodium  salt  possessed 

a  yellowish  tinge  while  that  obtained  from  the  impure  seml- 

carbazidewas  perfectly  colorless.   All  attempts  to  purify 

the  urazole  by  reorystallization  were  unsuccessful.   The 

tendency  to  rearrange  was  so  great  that  even  at  40°C.  the 

substance  was  transformed  to  the  hierher  melting  tautomer. 

This  substance  was  used  in  an  attempt  to  make  the  pure 

thlolurazole. 

1 .4~Dlphenyl-5-^hi  olurazole : 

All  attempts  to  obtain  this  substance  in  pure  condi- 
tion proved  unsuccessful.  Experiments  were  conducted  un- 
der conditions  thought  to  be  most  favorable  for  its  forma- 
tion but  none  of  these  yielded  a  compound  of  higher  than 
60  per  cent  purity.   The  following  methods  were  used  to 
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Isolate  the  pure   substance.      First,    since  the  thionurazole 
Is  the  weaker  acid,    it  was   thouprht   that   carbonic   acid  might 
precipitate   It    from  a  mixture   of  the   sodium  salts   of  the  two 
acids.      Carbonic  acid,  however,   precipitated  neither  acid 
from  its  sodium  salt  at   ordinary  temperatures.      Second,    If 
the  melting  points   of  the  Individual  tautomers  can  be  used  as 
a  criterion  of  purity,   the  rearranerement    Into  the  thlol- 
urazole  might  be  effected  by  heating  the  thionurazole  to 
220**.      Experiments,    however,    in  which  a  temperature  of  210** 
was  maintained  for  30  minutes  save  no   substance  purer  than 
60  per  cent  thlolurazole.      Busch         states  that  the  thion- 
urazole can  be  entirely  separated  from  the  thlolurazole  by 
treating  a  mixture  of  the  sodium  salts  with  acetic   acid,   but 
this  acid  precipitated  by  this  method  was  found  to  be  a  mix- 
ture of  the  two  tautomeric   forms  and  not   one  individual. 
Finally,    it  was  thought  that  potassium  sulphhydrate  might 
be  used  to   saponify  the   1 ,4-dlphenyl-5-thlolmethyl   ester 
and  yield  the  pure  potassium  thlolurazole  and  methyl  sulf- 
hydrate.      The   substance   obtained  melted   at    141°,    and  not   at 
220°. 

Methyl   Thiol  Ester   of  2,4-I>iphenyl-3-fhiosemicarbazide: 
This  substance  was  made  according  to  the  method  of 
Busch  and  Wolpert.^^^     To  28  grams  finely  divided  2,4-dl- 
phenyl-3-thiosemlcarbazidewere  added  6.5   srams   of  caustic 

r,  '■  "  "  "  J'^        J^cT- 
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potash  dissolved  in  58  granis.>/90  per  oent  aloohol.   The  solu- 
tion was  warmed  slightly  in  order  to  accelerate  the  forma- 
tion of  the  potassium  salt.   To  this  was  then  added  17 
grams  of  methyl  Iodide  and  the  solution  was  placed  in  salt 
and  ice  and  allowed  to  stand  an  hour.   The  percipltate  was 
filtered,  washed  with  cold  water  and  recrystallized  from  al- 
cohol.  The  crystals  asstuned  a  red  color,  hut  this  was  re- 
moved hy  frequent  washlns^  .vith  cold  alcohol.   The  substance 
obtained  was  pure  white  and  melted  sharply  at  78^. 

Methyl  Thiol  Ester  of  l,4-Dlphenyl-5-^hlolurazole : 

fl) 
This  ester  was  made  as  described  by  Busch  and  T7olpert . 

To  30  grams  of  a  EC  per  cent  solution  of  phosgene  in 
toluene,  were  added  7  grams  of  the  methylthiosemicarbazid 
in  20  grams  of  benzene.  Both  solutions  were  cooled  in  a 
mixture  of  salt  and  ice  and  the  resulting  solution  was  al- 
lowed to  stand  in  this  mixture  one  hour.   The  thlolurazole 
ester  was  then  filtered  off  and  recrystallized  from  alcohol. 
The  substance  was  perfectly  white  and  while  still  moist  melt- 
ed at  178°-180°C.   After  it  was  thoroughly  dried  in  a  vacuum 
dessicator  over  sulphuric  acid  it  melted  sharply  at  1960C. 
Five  grams  of  substance  were  obtained.   The  amount  of  water 
or  alcohol  held  by  the  ester  amounted  to  25  per  cent  of  the 
total  weight.   The  following  table  shows  the  gradual  loss  of 


cn 


G^^-cM^   t^   AJ€aiJ^^a/£.c^   (L^,i^:^^-^^<^^<j  r^^^<^Cyt^C^r~S  ^  .:£?  •^  t^. 
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this  water  at  700  and  the  consequent  rise  in  melting  point 


Weisrht  of 

■  -crsiT. 

Weight  of 
Dish  and  ^ter. 

Time  Heated: 
Hours. 

M.  n^ 

23.9747 

27.0977 

0 

178'-180' 

26.3176 

1.5 

184-185 

26.3169 

3.00 

194-196' 

26.3169 

4.5 

c 
196 

Method  of 

Alkylation  of  the  1 ,4-Diphenyl-6-#hlonurazole: 

The  alkylation  of  the  pure  sodium  salt  of  the  thjon 
aoid  with  methyl  iodide  in  the  presence  of  alcohol  erives  a 
mixture  of  thion  and  thiol  esters.   If,  on  the  other  hand, 
the  alkylation  is  carried  out  without  the  use  of  alcohol 
pure  thion  ester  is  obtained.   The  odor  of  mercaptan  was 
noticed  in  both  cases.   It  is  probable,  therefore,  that 
some  of  the  thiol  ester  formed  had  been  converted  into  the 
l,4-diphenyl-3-  or  5-methoxyurazole .  For  this  reason, 
alkylatlons  were  carried  out  in  the  presence  of  disodium 
acid  phosphate  and  monosodium  acid  phosphate,  50^  of  HagH^O^ 
and  50^  of  na^04.   If  the  sodium  phosphates  are  not 
used,  any  hydriodic  acid  formed  by  the  hydrolysis  of  the 
methyl  iodide  would  act  on  the  sodium  salt  liberating  the 
1.4-diphenyl-5-thlonurazole.  This  would  then,  in  the  pres- 
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enoe  of  alcohol  rearranpre  Immodlately  into  the  1,4-dl- 
phenyl-5-thlol  acid.   The  1 ,4-diphenyl-5-thiolurazole,  he- 
Ing  the  stronger  acid,  would  act  on  the  sodium  salt  of  the 
l,4-diphenyl-5-thionurazole  to  form  the  sodium  salt  of 
l,4-dlphenyl-5-thlolurazole  and  the  1 ,4-diphenyl-5-thion 
acid.   The  l,4-dlphenyl-5-thion  acid  thus  formed  would  re- 
arrange; while  the  sodium  salt  of  the  1 ,4-diphenyl-5-thiol- 
urazole  would  he  alkylated.   In  this  way  a  higher  per  cent 
of  the  l,4-dlphenyl-5-thiol  ester  is  obtained  with  the  use 
of  alcohol  than  without  it . 

The  t!se  of  the  phosphate  mixture  in  the  proportions 
shown  above  wholly  avoids  the  formation  of  any  free  thion 
acid.   The  method  is  accurate  to  within  4  or  5  per  cent. 
The  method  of  procedure  is  as  follows: 

To  0.1204  grams  of  pure  1 ,4-diphenyl-5-thionurazole 
weighed  out  In  a  tube  sealed  off  at  cne  end  there  was  added 
0.98  c.G.  of  a  0.5  normal  solution  of  sodium  hydroxide.  Af- 
ter the  acid  had  gone  into  solution  0.45  c.c  of  0.5  H 
sodium  hydroxide  and  0.27  c.c  of  1.5  N  phosphoric  acid  were 
added  thereby  forming  a  mixture  consisting  of   one  mol 
of  ira2H  PO4  and  one  mol  of  lTaH2?04.   In  order  to  avoid  the 
precipitation  of  the  urazold  by  phosphoric  acid  the  tube  was 
drawn  out  to  a  fine  capillary  at  the  one  end  and  the  sodium 
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hydroxide  and  phosphoric  aoid  first  mixed  in  the  part  of 
the  tube  above  the  capillary.   Then  by  alternately  warming 
and  coolinp  the  air  space  above  the  solution  of  the  sodinm 
salt  the  phosphate  mixture  can  be  drawn  into  the  lower  sec- 
tion without  effecting  any  precipitation  whatever.   To  this 
solution  there  was  then  added  0.58  o.c.  methyl  iodide,  and 
the  tnbe  was  sealed  off  and  heated  with  constant  shaking  in 
a  bath  at  60°0.   It  was  then  cooled  in  ice,  opened  and  the 
contents  transferred  to  an  extraction  funnel  containing 
water,  to  which  a  ""ittle  sodium  hydroxide  had  been  added. 
The  ester  was  extracted  with  6  successive  portions  of  chloro- 
form and  the  chloroform  was  run  into  a  weighed  porcelain 
dish  on  a  hot  water  bath  and  evaporated   below  its  boiling 
point.   The  dish  was  transferred  to  a  vacuum  dessicator  for 
24  hours  and  then  weighed.  After  the  first  £4  hours  the 
weight  remained  constant.   A  dish  allowed  to  stand  6  days 
showed  no  change  in  weight.   The  ester  obtained  is  pale  lemon 
yellow  and  is  of  syrupy  consistency.   It  crystallized  from 
solution  in  alcohol  as  a  white  powder  which  melted  at   94°C. 
This  substance  is  the  nitrogen  ester* 

Hydrolysis  of  Esters:  Separation  of  the  Thiol  and  Thlon 

Methyl  Esters   of  l,4-Diphenyl-5-ThJoura20le : 
Hirdllnger  and  Acree    "1'    showed  that   the  separation   of 
the  thlon  ester  of  1 ,4-dlphenyl-5-thiourazole  could  be -ef- 
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fected  by  (Jlgesting  them  with  conoentrated  alkalies.   The 
method  adopted  follows: 

The  weighed  esters  were  carefully  transferred  by  the 
use  of  no  more  than  one  ouLlo  centimeter  of  chloroform  to  a 
tube  sealed  at  one  end.   In  this  way  the  bumping  which  occurs 
In  blowing  off  an  excess  of  chloroform  can  be  avoided. 
The  solution  was  then  treated  with  5  cc.  of  a  0.5  II  solu- 
tion of  sodium  hydroxide,  the  tube  was  sealed  off  and  placed 
in  the  constant  temperature  bath  at  60  ,  and  was  shaken  for 
1.5  hours.   It  was  then  taken  out  of  the  bath,  cooled,  open- 
ed, its  contents  transferred  to  an  extraction  funnel  contain- 
ing water  to  which  a  few  drops  of  alkali#  had  been  added,  ex- 
tracted with  chloroform  and  weierhed  in  the  usual  manner. 
This  process  saponified  the  1 ,4-dlphenyl-5-methylthlolura:;ole 
and  left  the  methyl  l,4-diphenyl-5-thlonurazole  unchanged. 

Hydrolysis  of  Thion  Bster:   Separation  of  the  IT-  from  the  0-ester. 

The  method  at  first  used  to  effect  this  separation  was  the 
following:-  The  mixture  of  esters  was  treated  with  a  solution 
of  alcoholic  hydrochloric  acid.   The  results,  however,  were 
not  good  owiner  to  the  fact  that  for  some  reason  the  ester 
(nitrogen  ester)  volatilized  with  the  chloroform.   The  final 
method  follows: 

The  thion  esters  obtained  from  saponification  were 
transferred  by  means  of  chloroform  to  a  tube  drawn  out  at  one 
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end.      Flve^cc.    of  a  concectrated  aqueous   solution  of  hydro- 
chloric  acid  was  added,      the  tube  sealed   off,   placed   in  a 
constant   temperature  bath  at    60"  and   shaken  for  1.5  hours.    It 
was   then  taken   out   of  the  bath,    cooled   in   ice  water  and 
opened.      The  contents  were  then  transferred  to  an  extraction 
funnel  containing  water.      Concentrated  alkali^ir  was  then  added 
to  neutralize  the  excess   of  hydrochloric  acid,   and  the  ester 
was   extracted  from  alkaline   solution  with   chloroform.      The 
chloroform  extract  was  transferred  to  a  weiarhed   dish,   the 
chloroform  blown  off  carefully  on  the  water  bath  with  a  cur- 
rent  of  air,   the  temperature  of  the  water  bath  not    exceeding 
70,     the  dish  put   in  a  vacuum     desiccator,   dried  and  weighed. 
The   following  data  shows  that   the   ester  and  acid  are  completely 
extracted  by  6  such  extractions: 

Ester  !I.   Ester  0.   Acid 

Mixture 

0.0297   gms.  0.0230  gms .  0.0089  gms. 

0.0384      "  0.0270   "  0.0125      " 

That   the  ester   obtained   is  practically  non-volatile   in  vacuo 
is  shown  by  the  following  data:        A  moist   ester  amounting  to 
0.1010  grams   lost   but   4  per  cent    In  weierht    in  21  hours   in 
vacuo  and  then  the  weight   remained  constant. 
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Analysis  of  Thlop  Nitrogen  Esters: 

The   esters   ottaired   from  the  rearrangement    experiments 

on  recrystalllzatlon  from  aloohol  yielded  a  white  powder  which 

melted  at   94°,   and  was   identical  with  that    obtained  by  Uird- 

linger  and   Acree  from  the  sodiiim  salt   of  l,4-dlphenyl-5-thlon- 

tirazole.      It    contained   sulphur.      An  analysis  Tt/^lOdg^f  0.1401 

grams  urazole  gave   0.1242  grams  BaSO     or  11.21  per  cent   sulphur, 

4 

the  theoretical  being  11.91  per  cent.   The  acid  formed  by 
hydrolysis  melted  at  128-130°  and  is  probably  the  1,4-dlphenyl- 
urazole.   The  amount  obtained  was  so  small  however  that  the 
attempt  to  Identify  the  substance  was  abandoned. 

The  Rearrangement  of  the  Sodium  1.4-Dlphenyl-5-thlonurazole 
Into  the  Sodium  1 ,4-Dlphenyl-5-thiolurazole. 
A  weighed  amount  of  urazole  was  placed  in  a  tube  con- 
stricted at  one  end.   To  this  was  then  added  the  theoretical 
amount  of  0.5  "S   sodium  hydroxide.   The  tube  was  then  sealed 
off  and  placed  in  the  bath  at  60°  and  allowed  to  rearrange 
over  a  definite  time  period.   It  was  then  removed  from  the 
bath,  opened,  and  the  proper  amounts  of  sodium  hydroxide  phos- 
phoric acid  and  methyl  Iodide  added.   After  alkylation,  the 
esters  were  extracted  from  the  contents  of  the  tube,  weighed 
and  hydrolyzed  as  described.   The  loss  in  ester  from  the  total 
ester  obtained  corresponded  to  the  methyl  thiol  ester  hy- 


24 


drolyzed.   The  nitrogen  and  oxygen  esters  were  then  trans- 
ferred to  a  tube  and  there  hydrolyzed  with  hydrochlorio  acid. 
The  difference  hetween  the  mixture  of  esters  and  the  final 
ester  gives  the  amounts  of  oxygen  ester  In  the  original  mix- 
ture.  The  curve  shows  the  gradual  rearrangement  from  thion 
acid  to  thiol  acid,  the  ordinates  representing  time  periods 
and  the  absciscae  the  amount  of  chans-e  of  sodlmn  thionurazole 
into  sodium  thiolurazole. 

The  experiments  were  carried  out  in  aqueous  solution 
without  the  use  of  alcohol. 


Total   Weight  of 
Time  77eig:ht    Weight  N-  and 


Weight 


H^ 


Hours 

3  Urazoles 

Esters 

gms. 

O-Ester 

'S 

Per  cent 

gms. 

gms. 

Rearranged 

2 

1E26 

1242 

1142 

) 
( 

) 

10 

2 

1310 

1317 

1159 

10 

4 

1189 

1195 

1016 

15 

6 

1587 

1423 

1124 

20.9 

12 

.1265 

.1333 

1025 

£4 

72 

.1623 

1776 

1110 

37. 5 

96 

.0886 

.0937 

.0557 

43 

U-Esters 

gms. 
1138 

1103 

.0942 

.0984 
.1009 
.0484 
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Time 
HoTirs 

Weight  of 
Ura'zole 

Total 

Welfrht 

Esters 

Weight 
H-  and 
^-EsTers 

"Per  cent 

ira"salt 

Rearranged 

height 

of 
II-"F!ster 

168 

.0998 

.1111 

.0582 

47.6 

.0544 

240 

.1123 

.1209 

.0619 

51.2 

504 

.1592 

.1676 

.1031 

61.5 

In  the  next  series  the  alkylaticn  mixture  consisted  of 
methyl  iodide  In  a  40^  alcohol   solution — the  same  sodium 
phosphate  and  disofilum  acid  phosphate  mixture  being  used  In 
these  experiments  as  in  the  foregoing  series. 


Time 
Hours 

Urazole 

Total 
Ester 

U-  and 
U- Esters 

.Per  cent  ISa   Urazole 
Rearranged 

(6) 

(.0862) 

(.0910) 

(.0666) 

(26) 

12 

.1156 

.1194 

.0957 

20 

72 

.1126 

.1251 

.0736 

41 

96 

.1134 

.1249 

.0620 

51 

168 

.1324 

.1392 

.0556 

60 

240 

.1094 

.1150 

.0367 

68 

If  this  reaction  Is  monomolecular  we  would  have: 


au- 


=  Jt 


(C-'P^J  -  /r.(fc'.-^.^, 
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tn  which  C^ is  the  original   concentration   of  the   sodium 
l,4-c[iphenyl-6-thionTirazole,    0-^  that    of  the  1,4-dlphenyl- 
5-thiolurazole  present   at   first,    and   C2  that   of  the  rear- 
ranered  salt.      When  equilihrium  is  reached 


If  we  substitute    . -  /f  in  the  first    equation  and   intesrrate 

we  get 

C  in  the  experiments  above  is  equal  to  lOO.OO.Pi  4^ 0.00. 
The  value  for  Cg  over  a  time  period  of  900  hours  is  equal  to 
1.60;  this  therefore  is  taken  as  the  equilibrium  ratio. 
K  therefore  equals  I'to.cxo,,^  AM:A^J.,^^il^j>y'^i4~^Tx^ 


0.00  4  61.5 
I60  -  61.5 


§3=  1-^0 


Time 

C 

Cl 

Hours 

2 

100 

0.00 

4 

100 

0.00 

6 

100 

0.00 

12 

100 

0.00 

72 

100 

0.00 

96 

100 

0.00 

168 

100 

0.00 

504 

100 

0.00 

Ki*K2 


10.00 

.0038 

.0024 

.0014 

15.00 

.0030 

.0019 

.0011 

20.9 

.0030 

.0019 

.0011 

24.0 

f .0018) 

f  .0011) 

r.0007) 

37.5 

.0056 

.0034 

.0022 

43.0 

.0055 

.0034 

.0021 

47.6 

.0038 

.0024 

.0012 

61.5 

.0040 

.0025 

.0015 

Since  the  equation  gives  a  fairly  good  constant  the  reaction 
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may  be  assxuned  at  present  to  he     monomoleoxilar  and  reversible. 

Hydrolyses  of  Esters  Formed  by  Alkylatlon  in  40  Per  C ent  Aloohol. 

These  dishes  were  left  in  a  desiccator  over  the  summer 
months  and  were  taken  out  for  hydrolysis  the  following  fall. 
The  ratio  of  H-ester  to  O-ester  found  varies  with  the  time 
period  over  which  the  original  sodium  salt  was  allowed  to  re- 
arrange : 


Tlme 
hours 

Weight  of 
Total  N- 
and  O-ester 

Welcrht  of 
Unhy^rolyzed 
or  IT- ester 

Per  Cent 
Hydrolyzed 

1- 

0 

.1934 

.1815 

655 

2- 

6 

.1800 

.1611 

11^ 

3- 

24 

.1410 

.1269 

19^ 

4- 

72 

.0795 

.0625 

23^ 

5- 

96 

.0556 

.0438 

26^ 

6- 

168 

.0384 

.0270 

30^ 

7- 

216 

.0343 

.0180 

52% 

8- 

336 

.0204 

.0112 

55% 

The  H-ester  melted  at  94°. 
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EvideDce  In  Favor  of  Hearrangeraent  of  1 .4~Dlph9nyl-5-Thlol- 
Urazole  into  1 ,4-I)lphenyl-5-Thi  onurazole : 
Although  the  pure  l,4-dlphenyl-5-thiolurazole  was  not  ob- 
tained ^the  following  experiments  show  that  such  rearrangement 
does  take  place.   The  pure  methyl  ester  of  1 ,4-diphenyl-5- 
thiolurazole  treated  with  potassium  sulphhydrate  does  not 
yield  pure  l,4-diphenyl-5-thiolurazole  but  a  compound  melting 
at  142°  which  is  the  melting  point  of  the  l,4-dlphenyl-5-thi on- 
urazole. Again,  experiments  which  were  carried  out  with  the 
use  of  diazo-methane  in  ether  solution  yielded  the  following 
results: 

Weight  of  l,4-T)lphenyl-5-thiolurazole    Wei ght  of  Ester  not 

(6095  pure)  Hydrolyzed  by  KOT~ 

— i\f^^^^^  -^ 

.0801  .0801 

Weight  of  1.4-Iiphenyl-   Weight  Thion  Weight  Thion  "Ulster  not 

b-thion  Acid  Ester  from  Hydrolyzed  by  gOH 

CH2% 
0.1271  0.1255  0.1253 

This  shows  that  almost  the  entire  thiol  acid  has  been  convert- 
3d  into  thion  ester — in  other  words  the  reaction  is  reversi- 
ble as  follows: 
l,4-Diphenyl-5-thionurazole  :^-::::z>  l,4-diphenyl-5-thiolurazole. 

Silver  Salt  of  l,4-Diphenyl-5-Thi onurazole: 

The  sodium  salt  of  l,4-diphenyl-5-thi onurazole  dissolved 
in  water  was  treated  with  silver  nitrate  in  aqueous  solution 
until  no  further  precipitation  took  place-   The  precipitate 
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was  then  filtered  off,  washed  several  times  with  water  and 
dried  on  a  clay  plate. 

Alky  1  at  Ion  of  Silver  l,4--Diphenyl-5-Thionurazole: 

Owing  to  the  fact  that  during  the  alkylatlon  some  sil- 
ver iodide  was  formed  which  occluded  some  of  the  silver  salt 
and  prevented  its  alkylation,  no  theoretical  yield  of  ester 
could  be  obtained.   The  following  experiments,  however,  show 
plainly  that  the  three  tautomeric  forme  are  present  and  that 
they  exist  in  different  ratio  than  had  been  obtained  from  the 
sodium  1 ,4-diphenyl-5-thionurazole.  Attempts  to  alkylate  the 
silver  salt  to  completion  over  loner  time  periods  were  unsuc- 
cessful and  such  attempts  furthermore  increased  the  possibili- 
ties for  rearrangement  during  the  alkylation.   The  following 
data  shows  this  rearrangement : 


Time        Ag  Salt    Total  Ester: 

1 ,?^Diphenyl-5-thiol- 

hours  methyl  ester  and 

1 ,4-Diphenyl-5-thion 
methyl  ester. 

3        .2921       .0859 

3        .1755       .0603 


Barium  Salt  of  1 ,4-Diphenyl-5-thionurazole : 

To  the  sodium  salt  of  l,4-diphenyl-5-thionurazole  was 


N-ester 

and 
O-ester 

!T- ester 

.0824 

.0804 

.0470 

.0436 
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added  an  excess  of  'barium  hydroXide;  the  solution  was  then 
placed  In  ioe  until  all  the  barium  salt  had  teen  precipitated. 
The  barium  salt  was  then  filtered  out,  washed  with  cold 
water  and  dried  in  the  usual  manner. 

Alkylation  of  Barium,  1.4-Dlphenyl-5-thionurazole; 

Since  the  barium  salt  is  insoluble  in  water  no  theoreti- 
cal yield  of  ester  could  be  obtained.    It  was  found,  however, 
that  the  ratios  of  the  two  tautomeric  modifications  in  the 
barium  salt  differed  from  those  in  the  silver  and  sodium 
salts  of  l,4-dlphenyl-5-thlonurazole.   The  following  results 
were  obtained: 


Hours. 

Amount  Salt . 

Ester. 

^ster  not 
Hydrolyzed 

^  ::0H: 
11- ester  and 
6-ester. 

Ester  not 
Eydrolyzed 

l^ester. 

3/4 

.2986 

.0478 

.0407 

.0376 

1  i/e 

.4500 

.3213 

.2855 

.2787 
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